The numerical solutions of the system of non linear partial differential equations, which describe the unsteady flow of MHD non-Newtonian fluid with heat and mass transfer past a porous plate through a non-Darcy porous medium are obtained, taking into account the effects of viscous and ohmic dissipations and the chemical reaction. Finite difference method is used for solving the system of equations. The results of the velocity, temperature, concentration distributions, skin-friction, rate of heat and mass transfer are illustrated graphically for different values of physical parameters. Also, the stability condition is studied.
1-INTRODUCTION
Flow through porous media is very prevalent in nature, and therefore the study of flow through a porous medium has become of principle interest in many and engineering applications. Thermal and solutal transport by fluid flowing through a porous matrix is phenomenon of great interest from the theory and application point of view. Heat transfer in the case of homogenous fluid-saturated porous media has been studied with relation of different applications like dynamic of hot underground springs, terrestrial heat flow through aquifer, hot fluid and ignition front displacements in reservoir engineering, heat exchange between soil and atmosphere and heat exchanges with fluidized beds. Mass transfer in isothermal condition has been studied with applications to problems of mixing of fresh and salt water in a quifers, spreading of solules in fluidized beds and crystal washers, salt leaching in soils, etc. [1] .
There has been a renewed interest in Darcy and nonDarcy flow in a non-Newtonian fluid saturated porous medium. This continuing interest due to its applications which including heat transfer enhancement, packed bed, chemical reactors, building insulation, enhanced oil recovery, food technology and filtration processes [2] .
Darcy's law was the first model of transport processes in porous media. It's valid only for slow flows through porous media of relatively low permeability. The Darcy's law breaks down for flows at high velocity, in which inertia effects are no longer negligible. Forchheimer [3] proposed adding a velocity square term to the Darcy term that's to include the inertia effects in the momentum equation. For flow through a highly porous medium, the boundary frictional effect needs to be considered so that Brinkman [4] suggested adding a macroscopic viscous term. Thus, The Brinkman-Forchheimer-extended Darcy model (The non-Darcy effects) is the most general model governing flow in porous media. The *Address correspondence to this author at the Department of Mathematics, Faculty of Education, Ain Shams University, Heliopolis, Cairo, Egypt; E-mail: master_math2003@yahoo.com non-Darcy effects initially studied by Vafai [5] . The numerical solutions of the problem of heat and mass transfer of the pulsatile flow of magnetohydrodynamic nonNewtonian fluid (biviscosity fluid) through a porous medium between two permeable parallel plates was obtained by Mokhtar et al. [6] . Nakayama [7] investigated The Newtonian and non-Newtonian Couette flows through inelastic fluid saturated porous media due to a moving plate boundary. The steady MHD flow of an incompressible electrically conducting viscoelastic fluid through a porous medium between two porous parallel plates under the influence of a transverse magnetic field with heat and mass transfer in porous media analyzed by Eldabe and Sallam [8] .
In his paper Elshehawy et al. [9] investigated the problem of the effect of porous medium peristaltic motion of a generalized Newtonian fluid. The non-Darcy mixed convection of a non-Newtonian fluid from a vertical isothermal plate embedded in a homogeneous porous medium in the presence of surface injection or suction investigated by Ibrahim et al. [10] . The non-Darcy mixed convection from a horizontal surface in a porous medium saturated with a power law fluid studied by Kumari and Nath [11] .
In the present work, finite difference method is used to solve the system of non linear partial differential equations, which are obtained from the unsteady flow of an electrically conducting non-Newtonian (Carreau) fluid past a porous plate through a non-Darcy porous medium with heat and mass transfer in the presence of viscous and Joulean dissipations and chemical reaction effects. The plate is oscillating in its own plane with superimposed injection or suction. Numerical solutions are obtained for the velocity, temperature and concentration distributions is illustrated graphically. The Stability condition of the numerical method is studied.
2-BASIC EQUATIONS
The basic equations of the MHD flow of non-Newtonian fluid through non-Darcy porous media with heat and mass transfer using Carreau model [9] are:
Maxwell's Equations
Heat Equation
The stress is defined by ij ij n + = 
3-PROBLEM FORMULATION
The flow of a non-Newtonian fluid that follows Carreau model on porous plate through a non-Darcy porous medium is considered. Choose the x-axis along the plate and the yaxis perpendicular to it. A uniform magnetic field B = (0, B 0 ,0) is imposed normal to the plate (see Fig. (1) ) and the induced magnetic field is negligible compared with the imposed field so that the magnetic Reynolds number is small. The quantities μ m and are all constants throughout the flow field. The electric field E is assumed to be zero. In view of these assumptions, Eqn. (3b) can be ignored retaining the equation .J = 0. For t < 0 fluid is at rest and for t > 0 the plate is moving periodically. From continuity equation (1) the velocity field V=(u(y; t), V 0 , 0), V 0 < 0 is the suction velocity and V 0 > 0 is the blowing velocity. The governing equations (1-6) can be simplified to
With initial and boundary conditions
Introduce the dimensionless quantities:-
using the dimensionless quantities (12) into the system of equations (7-11b) gives
With initial and boundary conditions,
4-METHOD OF SOLUTION
We shall solve the system of non-linear partial differential equations numerically using the finite difference technique which is discussed by Soundalgekar [12] and so the system of equations (13-17b) yield
4.1-Stability Condition of the Scheme
The Von Neumann method is used to study the stability condition for the finite difference equations. Assume a Fourier component for
and n i as,
where p is the wave number in y-direction. Let = p( ) then,
and
Substituting equations (23-25) into equations (18-20) we get,
+ 2d (e
The equations (26-28) can be written as,
(cos 1)
,
and equations (29-31),
where,
The equations (32-34) in matrix form can be expressed as follows, Hence the stability condition is:
The scheme is stable when inequality (35) is satisfied. The local truncation error by employing the procedure used in Smith [13] is O( ) + O( ) and it tend to zero as 0 and 0. Hence, the scheme is compatible and then convergent, because compatibility and stability are necessary and sufficient conditions for convergence.
5-THE SKIN-FRICTION, HEAT AND MASS TRANSFER
The skin-friction, heat and mass transfer in the non dimensional form can be defined as [2] ,
We can write Eqs. (36-38) by using finite difference method as follows:
6-NUMERICAL RESULTS AND DISCUSSION
In order to get an insight into the physical situation of the problem, we have computed numerical values of the velocity, temperature and concentration. We observe that the velocity increases as Darcy number D a , non dimensional parameter ˆ and parameter of influe- Fig. (2) . The velocity distribution is plotted versus y, for C 0 =2, d=0.15, ˆ =1, n=0.4, W=0.7, M=1, Fs=3, Pr=3, Ec=10, Sc=5, =1, = /5 and m=0.5. Fig. (3) . The velocity distribution is plotted versus y, for C 0 =2, d=0.15, n=0.4, W=0.7, M=1, Da=0.01, Fs=3, Pr=3, Ec=10, Sc=5, =1, = /5 and m=0.5. 
CONCLUSION
A numerical study using an explicit finite difference scheme is made to obtain the solution of the unsteady flow of MHD non-Newtonian fluid through a non-Darcy porous medium with heat and mass transfer. Also, we take into our consideration the effects of viscous and Ohmic dissipation and chemical reaction effects. In this study, a Carreau model is used as a non-Newtonian fluid and the DarcyForchheimer-Brinkman model is used to represent the fluid transport within the porous medium. The convergence of the scheme is studied using stability method. For engineering purpose, the results of this problem are of great interest in petroleum applications as in reservoir of oil or gas flows, natural gas production and enhanced oil production. The flow of the Petroleum through the Porous ground represents an example of the motion of our fluid especially in the motion of the fluid in the earth's core. Also, there are many applications of this motion in many fields such Astrophysical, Plasma MHD, Metallurgical processes and Geophysical. 
Superscripts and subscripts
Free stream condition w Wall or plate condition.
